Methanogenesis by Methanobacterium thermoautotrophicum strains was extremely sensitive to gramicidin, total inhibition being observed at 0.2 ,ug/ml. In contrast, methane synthesis by Methanococcus voltae, Methanogenium marisnigri, Methanosarcina mazei, and Methanospirillum hungatei were resistant to the highest concentrations of gramicidin tested (40 gIg/ml), although spheroplasts of Methanospirillum hungatei were extremely sensitive. Other species tested showed intermediate sensitivity to gramicidin, methanogenesis inhibition occurring at 4 to 20 ,Ig/ml.
both the electrical and chemical components of protonmotive force and it can also cause declines in intracellular ATP concentrations of various bacteria, including methanogenic bacteria (8, 9, 13) . It can also be a powerful inhibitor of methanogenesis in methanogens, but thus far its use has been limited (8, 13) .
Against Methanobacterium bryantii, gramicidin D (10 pLg/ml) inhibits nickel transport (7) and lowers the electrical potential and ApH (8, 9) . It also causes a large decline in intracellular ATP levels (8) and is a powerful inhibitor of methanogenesis. In contrast, gramicidin (at the same concentration) had no significant effect on methane synthesis, ATP concentration, protonmotive force, or Na+-dependent isoleucine transport in the fragile Methanococcus voltae (K. Jarrell Several workers have noted the lack of data on the susceptibility of methanogens to ionophores and inhibitors, the mode or site of action of these agents, and the need for such data for useful bioenergetic experiments (3, 10) . It has been shown that some agents that are effective against eubacteria are not effective against methanogens or do not act in the classical fashion (8, 13) . The reducing conditions used in methanogen studies and the unusual walls and membranes of methanogens, which may act as barriers, have been suggested as possible reasons for the observed differences (8, 13 (11) .
The two Methanospirillum hungatei isolates were further studied, since it had been shown that the sheath acted to protect the intact cells from the action of several ionophores (13) . When the spheroplasting technique (12) was used to remove the sheath, the resulting spheroplasts, active in methanogenesis, were extremely sensitive to the action of gramicidin, in stark contrast to results obtained with the intact cells (Fig. 2) . Total inhibition of methanogenesis by spheroplasts was obtained at a gramicidin concentration of 0.1 ,ug/ml, an increase in sensitivity of more than 400 times compared with that seen with the intact cells.
The results of this study indicate that gramicidin can be a very effective agent against some methanogens, although other methanogens are resistant to high concentrations of this ionophore. Previous work has shown that if methanogenesis is affected by gramicidin, then one can expect decreases in intracellular ATP, protonmotive force, and TIME (h) transport (8) . On the other hand, if gramicidin does not inhibit methane synthesis, it is not likely to affect these other parameters (K. F. Jarrell and G. D. Sprott, unpublished data).
In general terms, it seems that gramicidin is effective against all members of the family Methanobacteriaceae, which includes the genera Methanobacterium and Methanobrevibacter. These isolates all have a pseudomurein wall and contain C-20 and C-40 isoprenoid glycerol ethers in their membranes (1) . Methanospirillum hungatei is resistant to the action of the ionophore unless the sheath is removed, whereupon the spheroplasts become extremely sensitive.
Methanospirillum hungatei has C-20 and C-40 lipids (1).
Gramicidin was not effective against Methanococcus voltae, Methanogenium marisnigri, or Methanosarcina mazei, all of which possess walls and membranes quite distinct from those of the sensitive strains. The resistant isolates all lack pseudomurein and, instead, possess either a wall composed of protein or an acid heteropolysaccharide (1). Furthermore, Methanococcus and Methanosarcina isolates contain only C-20 lipids in their membranes. The lipid composition of Methanogenium strains has not been reported (1) .
As seems the case with whole cells of Methanospirillum hungatei, the resistance of Methanococcus voltae, Methanogenium marisnigri, and Methanosarcina mazei is likely due to the inability of gramicidin to reach its target site. Whether this is due to unusual walls preventing gramicidin from reaching the cytoplasmic membrane or to the unusual C-20 lipid composition of the cytoplasmic membrane itself is yet to be shown. Interestingly, Hilpert et al. (5) reported that all the extreme halophiles tested, which contain only C-20 glycerol ether lipids and lack a pseudomurein type wall, were resistant to gramicidin in their diffusion assay.
Regardless of the mechanism of resistance of gramicidin, this study has shown that this useful ionophore should be employed with caution, especially on methanogens that are not members of the family Methanobacteriaceae.
